We present time-resolved photometry of six faint (V > 17mag) cataclysmic variables (CVs
Introduction
CVs are binary stars containing a white dwarf which accretes matter from a red dwarf companion. Unless the white dwarf is strongly magnetic the mass transferred from the secondary is usually accumulated in a disk. Completed or ongoing large-scale surveys, such as Sloan Digital Sky Survey (here after SDSS; Szkody et al. 2002) , Hamburg Quasar Survey (HQS; Gänsicke et al. 2002) , Faint Sky Variability Survey (FSVS; Groot et al. 2003 ) provide discovery of a substantial number of sub-types of CVs. In particular, SDSS has revealed a large population of CVs (∼220 systems) with short orbital periods and low mass transfer rates (Szkody et al. 2002 (Szkody et al. , 2004 (Szkody et al. , 2005 (Szkody et al. , 2006 Schmidth et al. 2007 ) of which 180 are new discoveries. Light curves and time-resolved spectra are being acquired for these objects to identify their orbital periods and to determine their sub-types. The aims of the present study are to obtain photometry of short-period, faint eclipsing CVs at quiescence and to search orbital variability due to hot-spot modulation, flickering structures, occurring on short time scales and periodicities related to eclipsing other components (disc, white dwarf). Most of the CVs are too faint for spectroscopic studies by using moderate-sized telescopes, therefore, the mostly used way to determine their orbital periods is timings of photometric eclipses. Time-resolved photometry using a CCD allows us to carry out accurate photometric observations even with small telescopes for relatively faint stars (V > 17mag) . Eclipsing systems offer the best opportunities for determining the fundamental properties of cataclysmic variables. Moreover, there are a wide range of photometric studies of short-period CVs to deduce varying structural features either at quiescence or outburst (e.g. Woudt&Warner 2001 , Woudt et al. 2004 Howell&Szkody 1988 , Howell et al. 1989 , 1990 , 1991 Dillon et al. 2008 ). The targets taken in this study either have little observations or no previous detailed studies. In this paper, we present time-resolved CCD photometry of the short-period CVs: V849 Ophiuchi, SDSS J1327+6528, SDSS J1227+5139, SDSS J1607+3623, SDSS J1457+5148, V849 Ophiuchi (hereafter SDSS J0920, J1327, J1227, J1607, J1457 and V849 Oph, respectively). The wide-band light curves are shown and the preliminary results are given. Table 1 gives journal of observations for six CVs observed by us. The photometric observations of these objects were performed by the Russian-Turkish 1.5-m telescope RTT150 at the TÜBİTAK National Observatory (Turkey) using ANDOR CCD (2048×2048 pixels at 0.24 arc s pixel −1 resolution). We used standard routines for bias subtraction and flat-fielding of the CCD frames using the APPHOT package in IRAF. Differential magnitudes were measured relative to one or more nearby comparison stars on the CCD frame. Since our major goal is to obtain differential photometry for program stars, we did not observe photometric standard stars during our runs. All observations were acquired through Johnson B, V, R bands and clear, i.e., without filter.
Observations and Data Analysis

Results
In this section we present the result of photometric observation for each system.
SDSS J0920
This object is one of the CVs discovered by Szkody et al. (2003) from the SDSS spectra obtained in 2001. The eclipsing nature has also been revealed by the same authors. The followup photometric observations showed, about two mag, deeply eclipsing system. Most remarkable features in the quiescence spectra (covering the range of 4000-8000 Å) obtained by Szkody et al. were strong narrow emission lines which do not show the usual deep doubling. There was no trace of secondary star in the red part of the spectrum. The first photometric study of SDSS J0920 was carried out using 1 m telescope, a CCD camera and the Johnson V filter at the US Naval Observatory Flagstaff Station (NOFS). This observation revealed the eclipses of the system with an orbital period of 3.6 h at a quiescence.
In 2006 February we started for the photometric observations of the system in Johnson V and R-bandpasses at a quiescence state. A deep eclipse of ∼2.5 mag in V filter and ∼2.0 mag in R filter are apparent in the light curve of SDSS J0920 (see Fig. 1 ). An estimate of the photometric accuracy in the differential observation is also listed in Table 1 .The depth of the eclipse may be estimated as quite large due to the few points near the bottom of the light curves when the star was too faint to measure. The light curves show no evidence of a hump-like structure that would signify a strong hot spot. The eclipse in the R-bandpass appears to be shallower resulting from a cooler donor while large amount of the light in the V-bandpass comes from a smaller hot spot. We should mention that the system could not be observed simultaneously in two colours. Details of the light curves, i.e. light fluctuations in short time intervals, could not be revealed due to the long exposure times we used (200 s and 150 s). In other words, the light variations originated from hot spot and mass transfer and as well as eclipse timings in the case of SDSS J0920 could not easily be resolved.
SDSS J1327
SDSS J1327 was first identified spectroscopically in the SDSS database by Szkody et al. (2003) as a CV and it was classified as an SW Sex star by Wolfe et al. (2003) . The system shows a typical strong single-peaked He II λ4686 emission line. So Wolfe et al. confirmed the earlier classification of this system as a SW Sex star using the results obtained spectroscopic, spectropolarimetric observations and Doppler tomography. Furthermore, the light curve of SDSS J1327 displays deep eclipses with an orbital period of 3.28 h but shows no evidence of pre-eclipse hump originated hot spot.
We observed SDSS 1327 on 2007 May 16 and and 2008 March 3 with time intervals of 3.32 and 5.09 h, respectively. During the first run, we made observations with clear filter using 60-s integration time. We obtained an eclipse with a depth of ∼1.8 mag. Few observations were obtained in the bottom of the eclipse due to the long exposure times.
During the second run, we used the V filter of the U BV system and obtained an eclipse with a depth of ∼2.5 mag. Fig. 2 shows the differential observations with unfiltered and in the V-bandpass as a function of the time. The first light curves show an eclipse which is fairly symmetrical in shape and a poor evidence about the existence of a hot spot and disk. There is no sign of a dominant hot spot such as a hump preceding the eclipse in the light curve. As seen in Fig. 2 , we noticed that the eclipse depth is highly variable. While the depth was measured by Wolfe et al. as 1.65 mag we estimate it as ∼1.8 mag in 2007 and ∼2.5 mag in a year later. quiescence. Very few observations could be obtained within the eclipse due to long exposure times used. Each point represents a differential magnitude relative to a comparison star included in the same CCD frame. An estimate of the photometric accuracy in the differential data is also listed in Table 1 . Although there is a phase-dependent variation with an orbital period of 3.28 h, flickering, which could be arisen from turbulent inner disc or the bright spot, can be seen with a short time scale of about ∼ 600 s at out-of-eclipse. In Table 2 yielded the following ephemeris:
The differences between the observed and calculated times of mid-eclipse are given in Table  2 and plotted in Fig. 3 as a function of the cycle number. The new timings are indicated as solid circles while open squares show eclipse timings taken from Wolfe (2003) . It seems that the orbital period of the system appears to be constant during the time span of the observations. The scatter in the O -C residuals do not exceed a minute.
SDSS J1227
SDSS J1227 is another product of the fifth release of CVs in the SDSS (Szkody et al. 2006 ). It shows a deep doubling in the higher order Balmer emission lines in the spectra suggesting a high inclination of the system. Also the most prominent spectral features were the broad absorption lines from the white dwarf star. They were taken as indication of low accretion rates that the contribution from an accretion disk is almost negligible. The system is relatively faint, having a mean magnitude of g ≃ 19.10 mag at quiescent. SDSS J1227 was found to be an eclipsing CV with an orbital period of 1.5 h below the period gap. The parameters and evolutionary status of the system were described in details by Littlefair et al. (2008) . Furthermore, amateurs detected the first outburst of the system with an amplitude of ∼5 mag in 2007 June (actually the exact outburst time is not known). They observed many eclipses during the outburst to decline that present the eclipse profile changes from varying dominated components (Shears et al. 2007 ). These observations also revealed a super-hump with a period of 0.0653 day, indicating of a SU UMa -type star. There has not been any high-speed photometry during an outburst. We observed the star photometrically on 2008 March 04 and on 2009 February 26 using the V bandpass. Three eclipses were observed during ∼4 h time interval in the first run and the data comprise five eclipses in the second run (Fig. 4 and Fig. 5, respectively) . The system has an orbital period of ∼90 min and the peak-to-peak light variation is ∼2 mag in the V bandpass. All data were obtained while the system was in quiescence. Since the 200 s integration time was not sufficient to resolve the detailed structure of the eclipse, the actual depth may be slightly larger than we have obtained. The light curve of SDSS J1227 shows prominent orbital humps with an amplitude of ∼0.8 mag along with deep eclipses due to a dominant bright spot, lasting approximately half the orbital period alike Z Cha and OY Car. The mid-eclipse timings were measured from the mid-ingress and mid-egress times of the white dwarf eclipse using a combined light curve. Any derivative technique such as described by Wood et al. (1985) could not be used to determine the time of mid-eclipse since we have a very few observations within the eclipse when the star was too faint to measure. We have therefore employed the following method: to produce a combined light curve with increased time resolution in each cycle, the observation times were shifted in times with respect to a time difference between two observation points in series cycles (i.e. these points are thought to be obtained at the same orbital phase) at the same differential magnitude in the observed light curve. By applying this empirical method, times of the mid-egress and mid-ingress of the white dwarf are become evident. After that individual eclipse timing was measured from our light curves by using the bisected chord method described in details by Krzeminski (1965) for U Gem. This yields a unique but rough mideclipse timing estimation for each cycle. The difference between the measured mid-egress and mid-ingress phases is consistent with the width of the white dwarf eclipse, ∆φ ≈ 0.040 ± 0.005 in the phase-folded light curve obtained by Littlefair et al. (2008) . The mid-eclipse timings have been transformed to the solar system barycentre dynamical time BJDD and listed in Table  3 . The corresponding uncertainties in the last digit are indicated in the parentheses. Moreover, additional times of minima have been compiled from Littlefair et al. (2008) and Shears et al. (2007) and are given in Table 3 . The O -C (I) are computed using the ephemeris given by Littlefair et al. (2008) . In this case, the variation of the O -C residuals produced by the magnetic activity is thought to be cyclic and can be represented by the following equation:
where A s is the semi-amplitude, P s the period of sinusoidal variation and T s moment of the minimum of sinusoidal variation. Applying linear least squares fit to the O -C residuals of SDSS J1227 we determined the unknown parameters in the equation and these parameters are given in Table 4 . Our result reveals that the orbital period of SDSS J1227 shows cyclical orbital period 9 Using these values we find ∆P/P = 1.04 × 10 −4 . The deviations from the sinusoidal fit are also given in fourth column of Table 3 as O -C (II). However, it should be noted that for a better determination of the cyclical period change the eclipse timings covering at least more than two cycles of the modulation are needed (i.e., at least about a decade of observations). Therefore it is a case of the poor data sampling covering 4 years of observations. However as it is seen from Fig. 6 the O -C residuals exhibit a cyclical period variation. Most probably, the changes of the O -C (II) residuals for SDSS J1227 could be taken as a result of the magnetic activity of the low mass main-sequence component rather than the three-body system.
SDSS J1607
SDSS J1607 was revealed an eclipsing CV by Szkody et al. (2006) since its lines show an indication of doubling structure in higher order Balmer lines. It was found that spectral behaviour of SDSS J1607 resembles a SW Sex type CV (strong CN, He II and a strong singlepeaked Balmer Hα emission line). They obtained two eclipses in two nights and estimated an orbital period of 3-4 h for the system.
We made photometric observations of the system on 2008 March 4 using Johnson V bandpass with 100 sec integration time. SDSS J1607 showed an eclipse with a depth of 1.5 mag. The eclipse timings obtained by Szkody et al. (2006) and in this study (Table 2 ) are used to determine orbital period of the system. We derived an orbital period of 3.49 h. The eclipse is fairly symmetrical and there is no evidence of a hot-spot hump preceding the eclipse (Fig. 7) . A linear fit to the eclipse timings resulted in the eclipse ephemeris: 
SDSS J1457
This object is also identified as a CV which candidates for having a high orbital inclination, has a prominent central absorption in Balmer emission line detected by Szkody et al. (2003) . SDSS spectra show broad hydrogen absorption lines of a white dwarf which means low accretion rates. SDSS J1457 was included in our observational program due to very little previous information exists. Our time-series observations were made only 4.76 hours on 2008 March 3 in the V bandpass to search for possible eclipses. In spite of ∼40 min quasi-periodic variability with an amplitude 0.4 mag, the light curve does not show a periodic variation that could be attributed to the eclipse phenomena (Fig. 8) . These variations could be arisen from flickering at its quiescent phase. However, our observations point out that the orbital period of the system can be much longer than 4.76 h.
V849 Oph
V849 Oph was discovered by Mackie (1919) and identified as an eclipsing nova (Duerbeck, 1987) . Since the brightness of Nova Oph 1919 declined through 3 mag from maximum light in 175 days Duerbeck (1987) classified it as a slow nova. The quiescent visual magnitude of the nova is ∼17.9 mag in nowadays. V849 Oph has an eclipse of ∼1 mag depth in the V bandpass with an orbital period of 0.172755 days (Shafter et al. 1993 ). High-speed photometry has not been obtained during an outburst.
Our observations were acquired in Johnson B and V bandpasses on 2006 August 14, 15 and 16. The differential photometric observations obtained using the B and V bandpasses are plotted versus the orbital phase in the top and bottom panels of Figure 9 . We used 150 s and 120 s 11 integration times, respectively. Eclipses are V-shaped and the eclipse light curve is very smooth without any humps that means the hot spot may not be the main source the radiation. The eclipse timings for V849 Oph are listed in Table 2 . We refined the orbital period of the system by means of a linear least-squares fit to the eclipse timings given by Shafter et al. 1993 and obtained in this study as follows:
MinI(HJD) = 2 448 799.7416(3) + 0 d .172756(2) × E (5)
Conclusion
We have presented CCD photometry for six faint cataclysmic variable stars at quiescence. Our main goal was to obtain the orbital periods of SDSS CVs using a moderate size telescope and to discuss the preliminary results. The data quality appears insufficient for revealing the eclipse profile of SDSS J0920, so detailed modelling of the eclipse profile is needed. The change of O − C residuals for SDSS J1227 with short time coverage of data exhibits a sinusoidal orbital period change that could be arisen as a result of the magnetic activity of the low mass main sequence component. However, new eclipse timings are needed to confirm this variation. Firstly, in this study the orbital period of SDSS J1607 has been found to be above the gap (3.49 h) as suggested by Szkody et al. (2006) . The high resolution time-resolved spectra will identify whether it is a SW Sex type of CV and confirm if there is an offset between photometric and spectroscopic phases (typically ∼0.2). SDSS J1327 shows symmetric, large amplitude (2.5 mag) eclipses with an orbital period of 3.28 h. In addition, as a result of our observation we suggest that either the brightness of SDSS J1457 is constant or the orbital period is much longer than 4.76 h. Further high speed differential multi-colour photometry of these CVs with large-telescopes are needed in order to reveal the true nature of the light variations. 
